Beyond the chevron
The 'chevron' conceptualization of drug development is a common, schematic representation of the pipeline concept. Previous efforts to more accurately portray the drug development process, including the excellent 'NETS' map of Baxter et al. 2 , took major steps to zoom in on each step of the chevron and display a network of interacting activity domains. In the 4DM, this concept is extended, converting the components of the traditional chevron diagram into 'neighbourhoods' of activities. For example, the clinical research and development neighbourhood of the 4DM (FIG. 1e) corresponds to the clinical development segment of the chevron. However, each neighbourhood highlights the myriad of routes and steps involved, as well as how these activities interact with those in other neighbourhoods -for example, deposition of biospecimens from clinical studies (FIG. 1e) into biorepositories to be utilized for target identification (FIG. 1a) -which are not discernible in the stepwise linear representation of the chevron diagram.
Aspects of therapeutic development shown in the 4DM that are missing entirely from the chevron include: a neighbourhood for biomarker development (FIG. 1b) , which takes place over multiple stages of the development process; inclusion of natural history studies, epidemiology and patient input in the clinical research and development neighbourhood (FIG. 1e) ; a post-marketing neighbourhood (FIG. 1g) that includes observations on safety, usage patterns and effectiveness; and a medical landscape neighbourhood (FIG. 1h) covering the increasingly important issues of access and reimbursement.
Within neighbourhoods, a distinction is made between steps that can be performed in parallel and those that must be performed in series. The failure to progress, which is so common in therapeutic development, is reflected in reiterative loops to indicate that many 'shots on goal' are often required before success is achieved at any step. We also attempted to indicate that discoveries at one step of the process may render earlier results irrelevant or unreliable, or even create new routes that provide shortcuts to later stages. Finally, since the development processes for small molecules and biologics differ in substantial ways, distinct versions of the 4DM were created, using monoclonal antibodies as the representative biologic 3 . The major differences between these versions are in neighbourhoods c and d, which cover therapeutic candidate identification and optimization, respectively.
Evolution and application of the 4DM
For centuries, maps were static, paper-based and non-interactive. The last decade has seen the transformation of maps into dynamic, multi-parameter, customizable electronic tools with features that include varying magnification and indications of limitations to efficient navigation that other travellers have reported. We have begun to incorporate these features into the 4DM and others will be refined in future versions. The current version of the 4DM can be viewed with or without 'traffic' indicated. To develop the latter, the authors, other members of the forum and a group of experts invited to participate (see Acknowledgements) voted on what steps they and their organizations had found severely or moderately onerous (red, pink or orange outlined boxes in FIG. 1 , respectively; see also Supplementary information S1 (figure)) in terms of the time required, resources or failure rate.
The steps outlined in red -selection of therapeutic targets, biomarker qualification, recruitment of clinical trial participants and incorporation of the patient perspective into the therapeutic development process -will be familiar to those well versed in the drug development process as being refractory to generally successful approaches, despite enormous investment of time, effort, and resources. Some of the steps indicated as being problematic but less so (outlined in orange) include commonly appreciated roadblocks (for example, identification of biomarkers), but others may be less familiar (for example, the time required for contractual and legal agreements, which is growing in importance given the increasingly multi-party nature of drug development projects).
The 4DM will be of value to a wide variety of stakeholders. First, for scientists, patient advocates, policymakers or members of the public who are new to drug development, the 4DM will provide orientation to the realities of the process. For educators, it will provide a freely available teaching tool. For those embarking on a drug development project, it will help to locate the state of the project, identify next steps and anticipate downstream challenges. For those working to improve the process via translational science projects, the 4DM will indicate bottlenecks in need of innovation to expedite the process of new medicine discovery.
Already, use of the map by stakeholders convened under the auspices of the forum has focused attention on how bottlenecks and blockages both hinder therapeutic development as a whole and how they are unique to different sectors. This type of connection can drive understanding and promote dialogue in more thoughtful and unanticipated areas. However, the map itself will need to be updated by all stakeholders involved in 
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Re-evaluate or discontinue therapeutic development so that a shared vocabulary evolves that will facilitate problem solving and promote innovation.
The process of creating the 4DM raised as many questions as it answered. This reflects the diversity of viewpoints and largely anecdotal nature underlying our understanding of the fundamental roadblocks to improved therapeutic development. It also became clear that there is a wide range of preference with regard to the simplicity-complexity continuum, with some users preferring a simpler and more streamlined map and others a more dynamic and complex one. Thus, we present the 4DM as the start, not the completion, of what should be an increasingly broad, crowdsourced effort to understand and improve the therapeutic development process.
The map enables a dialogue among stakeholders for discussion of where bottlenecks exist for innovation and offers the potential for collaborative action to expedite the overall process of new medicine discovery. Clearly, the map could be refined by making it more dynamic, allowing more or less detail depending on the question of interest and by incorporating other critical variables such as time and cost. We fully expect that the map will be refined to include other perspectives and new features. A version of the map is freely available via a Creative Commons Attribution-Share Alike 4.0 license from the National Center for Advancing Translational Sciences website, in order to allow anyone to use, display, distribute, customize or adapt it for their use.
We live in an era of enormous promise for therapeutic development and unprecedented demand for new therapies, combined with the entry of many new participants in the process. While this is cause for celebration, a common understanding and language of the topography of therapeutic development and its difficulties is essential to prevent unrealistic expectations and focus our collective energy on system-wide improvements that will benefit all. Toward this goal, we welcome input on how to make the map more accurate, comprehensive and useful to all stakeholders. Figure 1 | 4DM map for small-molecule drug development. The map comprises neighbourhoods (panels a-h), each of which consists of a complex network of steps that interact with steps in other neighbourhoods. Steps identified in the mapping process as being characterized by the greatest cost, time or likelihood of failure are identified with a red outline; less problematic roadblocks are identified with a pink or orange outline (see supplementary information S1 (figure) for a version with the identified steps only highlighted) . Dotted lines indicate possible alternative pathways between two steps. A version of this map is available to download from the National Center for Advancing Translational Sciences website and is licensed to the public under the Creative Commons Attribution-Share Alike 4.0 license, which allows use and adaptation as long as the user provides attribution and shares any adaptations back to the public under the same license. CMC, chemistry, manufacturing and controls; EMR, electronic medical record; FDA, Food and Drug Administration; GLP, good laboratory practice; GMP, good manufacturing practice; HTS, high-throughput screening; IND, investigational new drug; IRB, institutional review board; NCE, new chemical entity; NDA, new drug application; NME, new molecular entity; PK/PD, pharmacokinetics/pharmacodynamics; POC, proof of concept.
